EXPERIMENTAL SECTION
Materials. All reagents were of analytical grade and were purchased from Sigma-Aldrich (Dorset, UK), except for NADP + , NADH and NADPH, which were obtained from Melford Laboratories (Chelsworth, U.K. N-labeled PETNR overexpression were obtained from Goss Scientific Ltd.
(Crewe, U.K.).
Preparation of deuterated and reduced coenzymes. (R)-[4-2 H]-NADPH and (R)-[4-
2 H]-NADH were synthesized by enzymatic stereospecific reduction of NADP + or NAD + and purified as previously described (purity determination by 1 H NMR spectroscopy confirmed isotopic purity >98.5%). 1 NAD(P)H4 was synthesized by reduction of NAD(P)H with hydrogen using palladiumactivated charcoal, and isolated as described before.
1
Overexpression and purification of variant enzymes. The desired mutations were introduced into the PETNR-containing pONR1 gene using the Stratagene QuikChange II Site-Directed Mutagenesis Kit (Stockport, UK), with custom primers ordered from Eurofins Genomics (Ebersberg, Germany). The correct mutations were confirmed by DNA sequencing (Eurofins Genomics), and the variant enzymes were overexpressed and purified as described before for WT enzyme.
2, 3 2 H, 13 C,
15
N-labeled PETNR samples that were used in NMR experiments were prepared as previously described. 4 Extinction coefficients. Enzyme concentrations were determined using the calculated molar extinction coefficients at 465 nm (see Table S1 )
. NAD(P)H and (R)-[4-
2 H]-NAD(P)H concentrations were determined using a molar extinction coefficient of 6.22 mM -1 cm -1 at 340 nm, while NAD(P)H4 concentrations were determined using a molar extinction coefficient of 16.8 mM -1 cm -1 at 289 nm.
1 Stopped-flow spectroscopy. All kinetic measurements were performed using a Hi-Tech Scientific (TgK Scientific, Bradford on Avon, U.K.) stopped-flow spectrophotometer, which had the sample handling unit placed inside a Belle Technology anaerobic glovebox (<5 ppm of O2). All buffer solutions (50 mM potassium phosphate buffer, pH 7.0) used for the measurements were degassed by bubbling nitrogen gas through the solution for 1 hour prior to transfer to the glovebox, and were left overnight to equilibrate in the glovebox and ensure removal of all oxygen traces. All concentration dependence measurements were performed at 25 °C, using a constant (~20 µM) enzyme concentration throughout, and with varying NADPH or NADH concentrations (0.1 -20 mM and 0.3-50 mM final concentration, respectively). Temperature dependence measurements were performed using a constant enzyme concentration (20 µM) and a constant concentration of NADPH and NADH (10 mM and 25 mM final concentration, respectively), in order to ensure pseudo-first order kinetics for all variants throughout the whole temperature range (5-40 °C). All absorption traces were analyzed and fitted with standard exponential decay functions, using OriginPro 9.1 (OriginLab Corporation, MA, USA). The reported observed rate constants represent the mean average of 3-6 individual measurements, and the error bars are plotted as ± 1 standard deviation.
Crystallography. The crystallization conditions used were similar to those previously reported. 3 Sitting drop vapor diffusion was used to obtain crystals by mixing 200 nl of 15 mg/ml protein (20 mM Tris/HCl, pH 8.0 at 4 °C) with 400 nl of a reservoir containing 25 % (w/v) PEG 3000, 17 % (v/v) isopropanol, 0.1 M trisodium citrate, 0.1 M cacodylic acid (pH 6.5). Plates were incubated at 21 °C and crystal formation was observed after 48 hours. Individual crystals were harvested and cryo-cooled by plunging into liquid nitrogen prior to data collection at Diamond Light Source. Single cryo-cooled crystals of each of the four PETNR variants were used to collect complete data sets, which were subsequently scaled and integrated using Xia2. 5 Structures were solved by molecular replacement in Phaser 6 using a search model derived from the wild type PETNR structure S3 (3P62). Iterative cycles of model building and refinement were performed using COOT and Phenix. 7, 8 Validation with MOLPROBITY 9 and PDB-REDO 10 was integrated into the iterative rebuilding and refinement process. Complete data collection and refinement statistics are presented in Table S1 .
NMR spectroscopy. Sequential backbone assignment of the PETNR−NAD(P)H4 complexes was performed using an enzyme:ligand ratio of 1:10, to ensure the presence of a high population of saturated complex (Kd values for the PETNR−NADPH4 and PETNR−NADH4 complexes are 0.13 mM and 0.14 mM, respectively). 11 As the coenzyme analogues have a limited stability, as previously observed for the NAD(P)H coenzymes, the samples were prepared just prior to NMR spectral acquisition. All NMR experiments were conducted under identical conditions to those recently reported for the PETNR holoenzyme. 4 In summary, absorbance of free flavin measured after protein denaturation (the protein stock solution was denatured by incubation at 95 °C for 10 min in the dark, and the denatured protein was removed by centrifugation at 13,000 rpm for 10 min in a micro centrifuge); c calculated using the extinction coefficient of free FMN in solution (12.5 cm -1 mM The results presented in Table S1 indicate that all PETNR variants present essentially 1:1 stoichiometry between the FMN cofactor and the apoenzyme (determined ratios between 0.96-1.02), and also the same value of the extinction coefficient at 465 nm (~ 11.3 cm -1 mM -1 for all variants).
S5
CRYSTALLOGRAPHY DATA see Table S3 for extracted thermodynamic parameters). Although these experiments cannot completely exclude any kinetic complexity, they clearly indicate that at least the observed rates of FMN reduction do not reflect on a concerted mechanism of H-transfer and protonation (which would lead to pH-dependent rates) which makes it very likely that the observed rate are reporting directly on the H-transfer step. 7.0 ± 0.7 7.7 ± 2.4 0.07 ± 0.12 pH 9
6.6 ± 0. Figure S12 ). The residues that presented a 1 H line width value higher than the average value plus one standard deviation were considered broadened and are depicted as colored spheres at the Cα position. Three different sizes were used for the spheres, with the largest size depicting residues with significant broadening (values higher than average value plus 3 × σ).
TABULATED RATE CONSTANTS FROM TEMPERATURE DEPENDENCE STUDIES
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